(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteOectual Property 
Organization 
International Bureau 

(43) Internationa] Publication Date 
7 October 2004 (07.10.2004) 




PCT 



llllilililillliilllllllllll 

(10) International Publication Number 

wo 2004/086539 Al 



(51) International Patent Clasdfication'': HOIM 4/38, 

4/02, 10/40 



(74) Agents: OKABE, Masao et al.; No. 602, Fuji Bldg.. 2-3, 
Marunouchi 3-chome, Chiyoda-ku, Tokyo 1000005 (JP). 



(21) International Application Number: 

PCT/JP2004/004071 

(22) International Filing Date: 24 March 2004 (24.03.2004) 

(25) Filing Language: English 

(26) Publication Language: English 



(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK. DM, DZ, EC, EE, EG, ES, FX, 
GB, GD, GE, GH, GM, HR, HU, ID, DL, IN, IS, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT. LU, LV, MA, MD, MG, 
MK, MN, MW, MX, MZ, NA, NI, NO, NZ, CM, PG, PH, 
PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, 
TR, TT, TZ, UA, UG, US, UZ, VC. VN, YU, ZA, ZM, ZW. 



(30) Priority Data: 
2003-086564 



26 March 2003 (26.03.2003) JP 



(71) Applicant (for all designated States except US)t CANON 
KABUSHIKI KAISHA [JP/JP]; 3-30-2, Shimomarako, 
Ohta-ku, Tokyo 1468501 (JP). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KAWAKAMI, 
Soichiro [JP/JP]; c/o Canon Kabushiki Kaisha, 3-30-2, 
Shimomarako, Ohta-ku, Tokyo 1468501 (JP). ASAO, 
Masaya [JP/JP]; c/o Canon Kabushiki Kaisha, 3-30-2, 
Shimomarako, Ohta-ku, Tokyo 1468501 (JP). SUZUKI, 
Nobuyuld [JP/JP]; c/o Canon Kabushiki Kaisha, 3-30-2, 
Shimomaruko, Ohta-ku, Tokyo 1468501 (JP). YAMADA, 
Yasuhlro [JP/JP]; c/o Canon Kabushiki Kaisha, 3-30-2, 
Shimomaruko, Ohta-ku, Tokyo 1468501 (JP). OGURA, 
Takao [JP/JP]; c/o Canon Kabushiki Kaisha, 3-30-2, 
Shimomarako, Ohta-ku, Tokyo 1468501 (JP). 



(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ. TM), Euro- 
pean (AT, BE, BG, CH, CY, CZ, DE. DK, EE, ES. FI, FR, 
GB, GR, HU, IE, rr, LU, MC, NL, PL. PT. RO. SE. SI, SK. 
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, 
IVIL. MR, NE, SN, TD, TG). 

Publislied: 

— with international search report 

— with amended claims 

Date of publication of tlie amended claims: 29 December 2004 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbre\dations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: ELECTRODE MATERIAL FOR LITHIUM SECONDARY BATTERY AND ELECTRODE STRUCTURE HAVING 
THE ELECTRODE MATERIAL 



OS 
I/) 

00 



O 




(57) Abstract: The electrode material for a lithium secondary 
battery according to the present invention includes particles of a 
solid state alloy having silicon as a main component, wherein the 
particles of the solid slate alloy have a microcrystal or amorphous 
material including an element other than silicon, dispersed in mi- 
crociystalHne silicon or amorphized silicon. The solid state alloy 
preferably contains a pure metal or a solid solution. The composi- 
tion of the alloy preferably has an element composition in which 
the alloy is completely mixed in a melted liquid state, whereby the 
alloy has a single phase in a melted liquid state without pressure of 
two or more phases. The element composition can be determined 
by the kind of elements constituting the alloy and an atomic ratio 
of the elements. 
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AMENDED CLAIMS 
[received by the International Bureau on 14 September 2004 (14.09.04); 
original claim 1, 10 and 15 amended;original claims 2 cancelled; remaining claims unchanged] 



1. (Amended) An electrode material for a 
lithium secondary battery, comprising particles of a 

5 solid state alloy having silicon as a main component, 
wherein the particles of the solid state alloy have a 
microcrystal or amorphous material comprising an 
element other than silicon, dispersed in 
microcrystalline silicon or amorphized silicon, and 
10 wherein the solid state alloy contains a pure metal 
or a solid solution. 

2. (Cancelled) 

3. The electrode material for a lithium 
secondary battery according to claim 1, wherein the 

15 alloy has an element composition in which the alloy 
is completely mixed in a melted liquid state. 

4. The electrode material for a lithium 
secondary battery according to claim 1, wherein the 
alloy is composed of silicon and at least a first 

20 element A having a lower atomic ratio than silicon, 
and wherein the first element A is at least one 
element selected from the group consisting of tin, 
indium, gallium, copper/* aluminum, silver, zinc and 
titanium* 

25 5. The electrode material for a lithium 

secondary battery according to claim 1, wherein the 
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the second. element E being at least one element 
selected from the* group consisting of copper, silver, 
zinc, titanium, aluminiam, vanadium, yttrium, 
zirconium and boron; 
5 (c) a eutectic of the first element A and the 

second element E, the first element and the second 
element being different from each other; 

(d) a eutectic of any combination of (a), (b) , 
and (c) . 

10 9. The electrode material for a lithium 

secondary battery according to claim 1, wherein the 
silicon in the alloy is. doped with at least one 
element selected from the group consisting of boron, 
alximinum, gallium, antimony and phosphorous at a 

15 dopant amount of an atomic ratio in a range of 
1 X 10"® to 2 X 10"^ with respect to the silicon. 

10. (Amended) An electrode material for a 
lithium secondary battery, comprising silicon 
particles having silicon as a main component, wherein 

20 the silicon is doped with at least one element 

selected from the group consisting of boron, aluminum, 
gallium, antimony and phosphorous at a dopant amount 
of an atomic ratio in a range of 1 x 10"® to 2 x 10"^ 
with respect to the silicon, and wherein the 

25 particles having silicon as a main component are 

complexed with at least a material selected from the 
group consisting of a carbonaceous material and metal 
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magnesium. 

11. The electrode material for a lithium 
secondary battery according to claim 9 or 10, wherein 
the dopant has an atomic ratio in a range of 1 x 10~^ 
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to 1 X 10"^ with respect to the silicon. 

12. The electrode material for a lithixam 
secondary battery according to claim 9 or 10, wherein 
the dopant is boron. 
5 13. The electrode material for a lithium 

secondary battery according to claim 1 or 10, wherein 
the particles of the alloy having silicon as a main 
component or the particles having silicon as a main 
component have an average particle diameter of 0.02 

10 (jm to 5 |jm. 

14. The electrode material for a lithium 
secondary battery according to claim 1 or 10, wherein 
the particles of the alloy having silicon as a main 
componerit or the particles having silicon as a main 

15 component h^s a form of fine powder. 

15. (Amended) The electrode material for a 
lithium secondary battery according to claim 1, 
wherein the particles of the alloy having silicon as 
a main component are complexed with at least a 

20 material selected from the group consisting of a 
carbonaceous material and metal magnesium. 

16. An electrode structure comprising an 
electrode material according to claim 1 or 10, a 
conductive auxiliary material, a binder and a current 

25 collector. 

17 . The electrode structure according to claim 
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